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i (54) Title: PROCESS FOR TREATING LATEX-CONTAINING WASTE WATER 
: (57) Abstract 

A process for treating latexnxjutauiing waste water to produce reusable latex and water, the quality of the water being sufficiently 
high for reuse or discharge to a water course. The waste water (2) is delivered directly to a reverse osmosis membrane mat (6) without 
any pre-crcarmeat, and pressure is applied across the membrane to separate the waste water into perm eate (7) and reteocace. The membrane 
may be a tubular structure cleaning channels through with the waste water is pumped, those channels having a flow cross section sufficient 
; to enable flow races to be maintained that prevent blockage. 
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I 

PROCESS FOR TREATING LATEX-CONTAINING WASTE! WATER 

The present invention relates to a process for removing latex 
from latex-containing waste water. 

Latex-containing waste waters are produced during the 
manufacture and use of latex products such as binders for saints and 
the like. Such waste waters include latex and dissolved organic 
substances such as surfactants which are present in order to maintain 
the stability of the latex. 

Various approaches have been adopted to the treatment of latex- 
containing waste waters. For example it is well known to treat such 
waste waters bv ficcculation to remove suspended solids for landfill 
disposal. The resultant supernatant which contains the bulk cf the 
water and a high level of dissolved organic substances including 
surfactants is then either sent to a waste water treatment plant for 
further processing or discharged to a waterway in the hope that 
natural processes will further degrade the organic substances. Over 
time, however, regulations have made it progressively more difficult 
to discharge the supernatant to waterways, and the costs of landfill 
and further supernatant treatment have increased dramatically. 

Considerable research effort has been directed towards using 
ultrafiltration processes for the treatment of latex-containing waste 
waters. As indicated by European Patent 0512736 and U.S. Patent No: 
4160726, however, ultrafiltration has. a major drawback in that the 
surfactants and other small molecules which stabilise the latex are not 
retained with the latex but rather remain in the water. The latex 
retentate is accordingly of little commercial value and the permeate 
water is contaminated by the organic substances which are not 
retained with the latex. Accordingly it is still not possible to 
discharge the permeate water without further expensive treatments, 
for example activated carbon adsorption or reverse osmosis. 

Reverse osmosis (referred to by the letters RO below) has been I 
widely used for the production of potable and pure water from sea 
water or other water sources. It has also been used for cleaning 
waste water from pulo mills and dyehouses, and for concentrating icr 
example fruit juices. Various RO membrane modules are commercially 
available, for example hollow fibre and spiral wound modules which 
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are used in circumstances in which the fluid to be treated does net 
contain Large amounts of particulate material, and tubular or piate and 
frame modules which define relatively larger channels through which 
the fluid to be treated is pumped and accordingly are less likely to 
become clogged. 



succ8ss^;c5^07•p^ocess.es./■^-IJ has been supposed that colloids are a 

V.:." ...» , ' » ♦ • " 

major contributor to the fouling of RO membranes and therefore must 
be removed by pre-treatment. Generally cartridge filtration or 
ultrafiltration are the methods used for pre-treating material to be 
processed by RO. Even in the case of relatively simple applications 
such as the desalination of seawater pre-treatrnen z has been seen as 
playing a vital role in fouling control. 
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faiiurev- 1 These problems have proved difficult to overcome in 
ultrafiltration units which generally operate at pressures below 10 
barg. As is well known RO processes, generally require much higher 
pressures, for example above 35 barg, and might therefore be expected 
to be impractical in the treatment of latex-con tainins waste water 
without pre-treatment. 

It is an object of the present invention to obviate or mitigate 
the problems outlined above. 

According to the present invention, there is orovided a orocess 
for removing latex from waste water/ wherein the waste water is 
delivered directly to a reverse osmosis membrane unit, and oressure 
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•S applied across a membrane defined by the membrane unit to drive 
water through the membrane, the membrane unit defining channels 
through which the wiste; water' ls " pumped 

;'?rpjs^sections- .sufficient., to enable flow rates to ' be?'maintaihea' ; that 
pre vent 'channel blockage, f 

It has surprisingly been discovered that by appropriate svstem 
design reverse osmosis membranes can be used for the removal of 
latex from waste water without the membranes becoming c'o<^*d 
Preferably the membranes comprise tubular membranes having a 
diameter of from 10 to 25 mm but alternative membrane types havins 
the required flow characteristics can be used, for example piate and 
frame reverse osmosis membranes. 

It has been found to be advantageous to use a high soeed 
diaphragm pump operating at 1,000 strokes per minute or more. In 
contrast to low speed diaphragm pumps which operate typically at less 
than 100 strokes per minute and have a conseauent tendencv to 
generate low frequency pressure pulses, high speed diaphragm pumps 
tend to average out the pressure applied to the membranes. 

The process in accordance with the present invention can be 
operated in a batch system or a continuous system. In a batch system, 
a batch of waste water is delivered from a feed source to a batch 
tank and the waste water is pumped through the membrane channels 
from the batch tank. The retentate from the membrane is recirculated 
to the batch tank, whereas the permeate is initially delivered to a 
permeate outlet, for example a clean water outlet tank. Once the 
batch process has been operating for some time, however, the 
concentration in the permeate of unwanted components such as 
surfactants increases to such a level that the permeate cannot be 
delivered to the clean water tank. Accordingly, once such a level of 
concentration is reached the permeate is re-circulated to the feed 
source. At the end of the batch process, the retentate is discharged 
to a retentate outlet, for example an outlet tank. 

In the batch process, a high speed diaphragm pump operating at 
for example greater than 1,500 strokes per minute can be used to 
deliver waste water to the membrane/ unit at a pressure of greater 

* 

than 35 bar g. 

The permeate may be recycled to the waste water source once 
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the surfactant content reaches a level of, for examoie, two oarts oer 
million. 

In the continuous process, waste water is delivered from a feed 
source to a first reverse osmosis membrane unit, the retentate of 
which is delivered to a second membrane unit or a series of further 
membrane units. The permeate from the first membrane unit is 
delivered to a permeate outlet, whereas the permeate from the second 
or each of the further membrane units is recirculated to the waste 
water source. Preferably there are three membrane units each fed by 
a high speed diaphragm pump. The speed cf the diaphragm pumps 
decreases from the first membrane unit to the last, whereas the 
pressure delivered by the diaphragm pumps increases from the first 
membrane unit to the las t. For example in the three membrane unit 
system the speed can decrease from greater than 2,000 strokes, to 
greater than 1,500 strokes, to greater than 1,000 strokes, whereas the 
pressure can increase from -greater than 35 barg, to greater than 40 
barg, to greater than 45 barg. 

Embodiments of the present invention will now be described, bv 
way of example, with reference to the accompanying drawings, in 
which: 

Fig. 1 illustrates the batch operation of the present invention; 

and 

Fig. 2 illustrates the continuous ooeration of the Dresent 
invention. 

Referring to Fig. i, the illustrated equipment is suitable for 
treating, for example, 60,000 litres per day (ipd) of a white water 
containing 0.5% .latex solids and 46 ppm surfactants. A feed holding 
tank 1 has a capacity of 60,000 litres and receives waste water 
indicated by the arrow 2. A feed transfer pump 3 delivers waste water 
to a batch tank 4 having a capacity of 1,250 litres. Two high.- speed 
diaphragm pumps represented by a single pump 5 each deliver 90 litres 
per minute of the content of the batch tank 4 to a tubular reverse 
osmosis membrane unit 6. Each of the pumps 5 operates at 1,800 
strokes per minute and at a oressure of 50 bars. 

The membrane unit 6 incorporates reverse osmosis tubular 
membranes having an internal diameter of 12.3 mm. These orovide a 
total surface area of 97.2 square metres. The retentate from the 
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membrane unit 6 is simply re-circulated to the batch tank 4. The 
permeate is delivered to a line 7 and initially flows through a valve 
8 to a clean water tank 9 from which the water can be discharged or 
. re-used. As the process continues, however, the concentration of 
surfactant in the permeate increases and once this concentration has 
reached a certain predetermined limit the valve 8 is closed and a 
valve 10 is opened to re-circulate the permeate of high chemical 
oxygen demand to the feed holding tank 1. At the end of the process 
the solids content in the batch tank 4 is discharged through the valve 
7 to a product tank 11 from whence it can be recycled to the 
manufacturing process which resulted in the initial generation of the 
waste water. 

Typically in operation the batch tank 4 will be filled with 1.250 
litres of white water from the feed holding tank by the pump 3. The 
latex in the white water is concentrated by the" membrane unit to 40% 
solids and is then discharged into the product tank 11. 1,000 litres 
of permeate with an average surfactant concentration of 2 ppm is 
collected into the clean water tank 9 and 235 litres of oermeate 
containing on average 5 ppm surfactant is returned to the feed holding 
tank 1. The batch operation typically takes 25 minutes to complete 
and up to fifty such operations can be carried out in a 24 hour 
period. 

It will be appreciated that the process described with reference 
to Fig. 1 has only two outputs, that is the re-usable latex delivered 
to the product tank 11 and the re-usable or dischargeable water 
delivered to tank 9. There is no requirement for further processing 
or for land fill site disposal. 

A membrane system having the general structure of the system 
shown in Fig. 1 was used to process two white water samples. The 
system used comprised a feed holding tank 1 of 200 litres capacity, a 
high speed diaphragm pump 5 operating at 2700 strokes per minute and 
delivering 20 litres per minute at 40 barg and a tubular RO unit 6 
with 12.3 mm diameter tubes and a membrane area of 1.8 m2. The 
membrane was of a polyamide type wi"h a characteristic rejection of 
80% for NaCl. 

The first sample white water -feed was a blend of 5 difrerent 
latex products of the acrylic type. Such products are commonly used 
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as tackifiers in glues or inks. The white wat 


er :eec nac me rcuowir. 


Feed volume 
■ Total solid content, w/v 
Total soluble Chemical Oxygen Demand, COD 
Zinc, as a soluble comnlex 
Total surfactants 


2000 litres 
0.5% 

350 mg/i 
60 ppm 
50 3 cm 


The COD was due mainly to surfactants, monomers, organic 
peroxides, and by-products. The surfactants were a mixture of ionic 
and non-ionic surfactants with not less than 25 different tvoes. 

The feed was concentrated to a total solid content c: 5% in ten 
separate batches. The combined concentrate was then further 
concentrated to give the overall results below: 


Volume of concentrate 
Total solid content, w/v 

Total soluble Chemical Oxygen Demand, COD 
Zinc, as a soluble complex 
Total surfactants 


25 litres 
40% 

11410 mg/1 
4788 oom 
3684 oom 


The permeate from the ten initial batches and the oermeate from 

the final concentration step was combined to give the overall results 
below: 


Volume of permeate 1975 litres 

Total solid content, w/v 0% 

Total soluble Chemical Oxygen Demand, COD 210 mg/1 

Zinc, as a soluble complex 0.15 ppm 

Total surfactants 4 oom 


The second sample white water feed was processed in a system 
that differed from that used to orocess the- first sample onlv in that 

• mm 

the membrane was of a polyamide type with a characteristic rejection 
of 99% for NaCl. 

The second sample white wat6r feed was a mixture of latex 
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produces of several types including acrylic, polyvinyl acetate and 
polystyrene types. Such produces are commonly used as bonding 
agents, sealers, or binders in adhesives, roof coalings and floor 
screeds. The feed had the following composition: 

Feed volume 200 litres 

Total solid content w/v 2.3% 
Total soluble Chemical Oxygen Demand, COD 480 mg/i 

The COD was due mainly to surfactants, monomers, organic 
peroxides and by-products. 

The feed was concentrated in a single batch to give the 
following results: 

Volume of concentrate 9.38 litres 

Total solid content/ w/v 48% 
Total soluble Chemical Oxygen Demand, COD 6204 mg/1 

Volume of oermeate 190.42 litres 

m 

Total solid content, w/v 0% 
Total soluble Chemical Oxygen Demand, COD 192 mg/i 

Referring now t o Fig. 2, thi s illustrates a continuous process for t % 
treating 60,000 LPD of a white water containing 0.5% latex soiids and 
46 ppm surfactants. The system comprises a feed holding tank 12 of - 
60,000 litres capacity, a. feed transfer pump 13, three reverse osmosis - 
tubular membrane stages 14, 15 and 16, a latex outlet tank 17, a. 
permeate outlet tank 18, and associated pumps and pipework. A high, 
speed diaphragm p ump 19 o peratep at 2,700 strokes per minute- 
delivering 140 litres per minute at 40 barg. A high speed diaphragm. ^ ? 
pump 20 operating at 1,900 strokes per minute delivers 100 litres per 
minute at 45 barg. A high speed diaphragm pu mp 21 .op erating at 1,000 ■ 
strokes oer minute delivers 40 litres per minut e at 5u barg . The ■ 
membrane unit 14 comprises 12.3 millimetre internal diameter reverse • 

osmosis membrane tubes with a tonal surface area _of 75.6 square 

metres. The membrane unit 15 comprises reverse osmosis membrane . 
tubes having internal diameters of 12.3 millimetres with a total surface 


S 

area o f 40.5 squa re metres. The membrane unit 16 comprises reverse 
osmosis membrane tubes having an internal diameter of 12.3 millimetres 
and a total surface area of 10.82 square metres. Each of the tubular 
membranes comprises an active layel^rast on a permeable tube which 
is further supported on a perforated stainless steel tube. 

In operation of the system illustrated in Fig. 2, white water is 
drawn from the feed holding tank 12 by the pump 13 and supplied to 
the first membrane stage 14 at a typical rate of 2,500 litres per hour. 
The first membrane unit 14 removes water at a rate of 2469 litres per 
hour, the water leaving the first membrane unit 14 containing 
approximately 2 ppm surfactants. The partially concentrated retentate 
rrcm tne rirst membrane unit is drawn into the second membrane unit 
15 by pump 20 where the latex is further concentrated tc 20% solids, 
that reter.tate being discharged into membrane unit * 16 by pump 21 
where it is further concentrated to 40% before discharge into the 
product tank 17. 

Permeate from the . second membrane unit 15 and the third 
membrane unit 16 contains an average surfactant level of 5 ppm and 
is continuously fed back to the first membrane unit 14. The process 
operates continuously with cleaning being carried out once per week 
using cleaning tank 22 and associated valves and pumps. 

Thus, as in the case of the batch process described with 
reference to Fig. 1, in the continuous process described with reference 
to rig. 2 the only outputs are reusable latex delivered to tank 17 and 
reusable water delivered to tank 18. 

With both the batch and continuous processes described above, 
the energy consumption is a little more than 50% of the total energy 
consumption of conventional equivalent plant which uses reverse 
osmosis in association with pre-filtering using ultrafiltration. 
Furthermore, the capital cost of a reverse osmosis only ■ plant is 
obviously considerably less than a combined reverse osmosis and 
ultrafiltration plant. Thus the present invention provides very 
significant economic advantages as compared with the relevant prior 
art. 
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CLAIMS 

1. A process for separating latex from waste water, wherein the 
waste water is delivered directly to a reverse osmosis membrane unit, 
and pressure is applied across a membrane defined by the membrane 
unit to drive water through the membrane, the membrane unit defining 
channels through which the waste water is pumped which channels 
have flow cross sections sufficient to enable flow rates to be 
maintained that prevent channel blockage. 

2. A process according to claim 1, wherein the waste water is 
delivered to the membrane unit by a diaphragm pump operating at a 
sneed of at least 1,000 strokes oer minute and a oressure of at least 
35 barg. 

3. A process according to claim 2, wherein a batch cf waste 
water is delivered from a feed source to a batch tank, the waste water 
is pumped through the membrane channels from the batch tank, the 
retentate is recirculated to the batch tank, the permeate is delivered 
to a permeate outlet until the surfactant content of the permeate 
exceeds a predetermined level, whereafter the permeate is recirculated 
to the feed source, and the retentate is discharged from the batch 
tank to a retentate outlet. 

4. A process according to claim 3, wherein the pump operates 
at .greater than 1500 strokes per minute and delivers waste water to 
the membrane unit at a pressure of at least 40 barg. 

5. A process according to claim 3 or 4, wherein the said 
predetermined level is two parts per million surfactant. 

6. A process according to claim 2, wherein a continuous feed of 
waste water is delivered from a feed source to a first reverse osmosis 
membrane unit, the permeate from the first membrane unit is delivered 
to a oermeate outlet, the retentate from the first membrane unit is 
delivered to at least one further reverse osmosis membrane unit, the 
oermeate from the at least one further membrane unit is recirculated 
to the feed source, and the retentate from the at least one further 
membrane unit is delivered to a retentate outlet. 

7. A process' according to <flaim 5, comprising three reverse 
osmosis membrane units, a second membrane unit receiving retentate 
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from a first and delivering retentate :c a third membrane unit, and 
che second and third membrane units recirculating oermeate to the 
feed source. 

3. A process according to claim 7, wherein waste water is 
delivered to the first membrane unit by a pump operating at greater 
than 2,000 strokes per minute and a pressure of at lease 35 barg, 
retentate is delivered to the second membrane unit bv a ouovo 
operating at greater than 1,500 strokes per minute and a pressure of 
at least 40 barg, and retentate is delivered to the third membrane 
unit by a pump operating at greater than 1,000 strokes per minute and 
at a pressure of at least 45 barg. 

9. A process according to any preceding claim, wherein the or 
each membrane unit comorises a tubular membrane module. 

10. A process according to claim 9. wherein the tubular 
membrane module defines channels having a diameter of from 10 to 25 
mm. 

11. A process substantially as hereinbefore described with 
reference tc the accompanying drawings. 
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